Centre, Amersham, or from Oak Ridge, and 90Nb was made on the cyclotron in this Unit by bombarding zirconium with deuterons and chemically separating the 90Nb (Sugden, 1964) . 95Nb has a half life of 35 days and emits /1 particles (mainly 0*16 MeV7) and y rays of 0-76 MeV. 90Nb has a half life of 14-6 hours and emits positrons and y rays of various energies. 131J HSA Human serum albumin (from Lister Institute, fractioni AP2, Kekwick and MacKay, 1954) was iodinated by the iodine monochloride method (McFarlane, 1958) .
Animnals
The rats used were of "Johns' Strain ", derived from a single pair of Wistar siblings in 1939. Male and female rats from about 200-300 g. were used.
Tuarnours
RIB5. This was a fibrosarcoma which was induced in the strain by Dr. R. Johns by injection of benzopyrene in 1945. SBS 1.-This was a moderately well differentiated fibrosarcoma with less necrotic tissue than the RIB5. It developed spontaneously in a rat of the strain in association with congenital spinabifida.
Both tumours were implanted subcutaneously in the flank as described by Thomlinson (1960) . By this method tumour cells are made into pellets held together by calcium alginate and the pellets are then tied within the lumen of small pieces of intestine from a young rat. (For the SBS1 the alginate could be omitted). This procedure prevents early metastasis, and produces rounded tumours unattached to skin or muscle whose size can easily be measured externally with calipers. The growth curve of the RIB5 tumour is given by Thomlinson (1961) . Tumours were allowed to grow to at least 9 mm. in diameter before they were used.
Procedure
Rats were injected intravenously in the tail with a solution of the isotope in up to 2 ml. of physiological saline. The solution of the isotope was prepared in different ways as follows: Solution (a).-The stock solution of radioactive niobium in 0 5 % oxalic acid was diluted with saline and the pH was adjusted to 7.4 by adding dilute NaOH, dropwise.
Solution (b). The stock solution was simply diluted with saline. In this case the pH was about 1-2.
Solution (c).-The stock solution was diluted with saline and the pH was adjusted to 4.5.
Solutions (d). Attempts were made to label various plasma proteins by either incubating the isotope with the protein solution and then dialysing to remove unbound isotope, or by dialysing the protein solution against saline or citrate buffer containing the isotope. In both cases about 20 hours at room temperature were required to obtain maximum labelling as measured by per cent of radioactivity in trichloracetic acid (TCA) precipitates. However, at 37°C. 2 hours' incubation was sufficient. Only about 5 per cent of the total radioactivity finally became bound to protein. The proportion of this which was precipitable by TCA could be increased by dialysis. Proteins used included human albumin, rat plasma, and Na2SO4 fractions of rat plasma proteins. The proportion of 95Nb apparently bound was higher with rat plasma than with any of the fractions. Only a few experiments using these protein solutions were satisfactory (see results section), and so the methods are not described in detail.
At different times after injection the rats were anaesthetised with ether, a blood sample was taken from the heart, the animals were killed and dissected, and the organs weighed immediately.
Measurement of radioactivity
Radioactivity in rats was measured using a counter consisting of a ring of G26Pb Geiger tubes with removable lead filters for attenuation. Radioactivity in organs was measured by sodium iodide crystal scintillation counting; the large organs were placed between two 1 in. crystals and the small ones in the well of one of these crystals. Both scintillation and Geiger counters were calibrated for sources of different volumes, using solutions of the isotopes in water and a correction for volume and position was applied to each organ measurement.
Positron camera pictures
Pictures of the distribution of radioactivity were taken with a positron camera (Turner and Freebrey, 1964) using 90Nb. This device, which was invented by Anger (1963) , uses a large sodium iodide crystal scintillation counter in coincidence with one or more smaller crystals. The source is placed between the crystals, close to the large one. Pairs of y rays at 180°are produced by annihilation of positrons, and only those pairs that pass through both crystals give rise to pulses which are recorded. The position of the flash of light produced by a y ray in the large crystal is computed electronically from the relative amount of light falling on each of the photomultipliers behind this crystal, and a dot is recorded on the corresponding position on an oscilloscope screen. Thus a dot picture is built up which shows the distribution of isotope in the source. This is photographed and the picture obtained enlarged, so that it can be superimposed on a photograph of the rat.
Paper electrophoresis
Paper electrophoresis was carried out by standard methods using Tris buffer at pH 7.6, 8-6 and 9.2, and Whatman No. 3 Chromatography paper.
RESULTS
When the 95Nb solution (a) at pH 7-4 was injected, a high uptake was often found in liver, and this varied considerably in different experiments. A high liver uptake was never found with isotope solution (b) when free oxalic acid was not neutralised, nor with solution (c) when it was partly neutralised to pH 4*5. It seems likely that when all the oxalic acid is neutralised a colloidal solution is formed which is taken up by the reticuloendothelial [system. Schubert and Conn (1949) discuss the colloidal properties of some fission products and they find that oxalic acid prevents formation of a colloidal solution of carrier free 95Nb. After 553 the first few experiments, therefore, the isotope solution was always adjusted to pH 4*5 before injection.
The distribution in organs at different times after injection is shown in Table I (Caster, Poncelet, Simon and Armstrong, 1956 ).
Radioactivity in organs includes that due to the blood in each organ.
serum albumin are also shown for comparison. The distribution of radioactivity in the different organs is similar for 95Nb and 131J HSA, although excretion is less for 95Nb so that concentrations tend to be higher than for 131I. In tumour, spleen, kidney, lymph nodes and bone marrow, 95Nb concentrations are considerably higher than 1311 concentrations. The variation of concentration of radioactivity with time is shown in Fig. 1 for plasma and whole body, and in Fig. 2 for tumour, spleen and kidney. For other organs the concentrations were approximately constant up to about 96 hours, or else fell slightly. Fig. 3 shows a picture of 90Nb distribution in a rat with an RIB5 tumour taken with the positron camera. It was found that the tumour could be clearly seen if it contained at least 10 % of the radioactivity in the whole animal; this corresponds to a tumour of about 15 mm. in diameter.
Paper electrophoresis was carried out in an attempt to investigate which protein binds 95Nb but results were inconclusive under the conditions used since 95Nb alone moved to the same position as the plasma proteins, and a broad peak of radioactivity was obtained, so that it was impossible to determine whether the isotope was in fact bound to protein or not.
DISCUSSION
The similar distribution of 95Nb and 131I labelled plasma proteins indicates that niobium isotopes probably do become protein bound after injection. However, this is difficult to prove conclusively since paper electrophoresis cannot be used, unless a more suitable buffer or type of paper can be found. Also protein precipitation methods may not give reliable results owing to the possible formation of a colloidal solution of 95Nb which may be carried down with the protein precipitate. At short intervals after injection much of the radioactivity in organs will be due to their blood content. In an earlier series of experiments this blood radioactivity was subtracted and the extravascular radioactivity was obtained (Matthews and Molinaro, 1963) ; results were similar for 95Nb and 1311 HSA. Most of the extravascular 95Nb is in muscle and skin just as for 131I labelled albumin (Matthews, Bruce-Robertson and Humphrey, 1962) . The plasma radioactivity curve for 95Nb is also similar to that obtained with 1311 labelled plasma proteins (Campbell, Cuthbertson, Matthews and McFarlane, 1956; Cohen, 1957) (Table II) might possibly be due to the effect of inflammation after the transplantation as observed by Day et al. (1959b) , although the interval between implantation and injection was never less than about 10 days whereas Day et al. found increased 131J fibrinogen uptake due to inflammation for only about 5 days after implantation. For large tumours the uptake is similar for RIB5 and SBS1 tumours.
For investigation of tumour uptake in patients 90Nb has advantages over 95Nb since its short half life enables a larger number of mc to be given for the same radiation dose and also pictures of the distribution can be taken with the positron camera. However, if tumour uptake is to be followed for longer times, more 90Nb must be given and then radiation dose is lower with 95Nb.
Much more work is required before 95Nb metabolism and tumour uptake is fully understood and this paper is intended to indicate some of the interesting lines of investigation which may give information about plasma protein metabolism as well as about tumour uptake.
